Differential effect of doxorubicin and zoledronic acid on intraosseous versus extraosseous breast tumor growth in vivo.
Breast cancer patients with bone metastases are commonly treated with chemotherapeutic agents such as doxorubicin and zoledronic acid to control their bone disease. Sequential administration of doxorubicin followed by zoledronic acid has been shown to increase tumor cell apoptosis in vitro. We have therefore investigated the antitumor effects of clinically relevant doses of these drugs in a mouse model of breast cancer bone metastasis. MDA-MB-231/BO2 cells were injected via the tail vein into athymic mice. Tumor-induced osteolytic lesions were detected in all animals following X-ray analysis 18 days after tumor cell inoculation (day 18). Mice were administered saline, 100 microg/kg zoledronic acid, 2 mg/kg doxorubicin, doxorubicin and zoledronic acid simultaneously, or doxorubicin followed 24 h later by zoledronic acid. Doxorubicin-treated animals received a second injection on day 25. Tumor growth in the marrow cavity and on the outside surface of the bone was measured as well as tumor cell apoptosis and proliferation. The effects of treatments on bone were evaluated following X-ray and muCT analysis. Sequential treatment with doxorubicin followed by zoledronic acid caused decreased intraosseous tumor burden, which was accompanied by increased levels of tumor cell apoptosis and decreased levels of proliferation, whereas extraosseous parts of the same tumors were unaffected. Administration of zoledronic acid, alone or in combination with doxorubicin, resulted in significantly smaller tumor-induced osteolytic lesions compared with control or doxorubicin-treated animals. This is the first study to show that sequential treatment with clinically relevant doses of doxorubicin, followed 24 h later by zoledronic acid, reduces intraosseous but not extraosseous growth of BO2 breast tumors. Our results suggest that breast cancer patients with metastatic bone disease may benefit from sequential treatment using doxorubicin and zoledronic acid.